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FEDERAL REPUBLIC OF GERMANY 


FRAUNHOFER INSTITUTE'S SOLAR RESEARCH PROGRAM OUTLINED 
Munich SUEDDEUTSCHE ZEITUNG in German 17 Oct 79 p 3 
[Article by Theo Wurm: "Motley Colored Triangles That Provide Hope"] 


[Text] Feiburg, 16 October. Prof Adolf Goetzberger and his colleagues 

at the Fraunhofer Institute for Applied Solid-State Physics in Feiburg 

do not like it at all when fantasy transforms the results of their 
research into visions which approximate reality. Such impatience could 
subject the team to even greater pressures to succeed and endanger 
scientific freedom. But without some speculation one could not understand 
at all what is going on with the plexiglass triangles about which there is 
no much fuss there. They have been pieced together on the roof of the 
house in a frame of square fields from which wires lead to measuring 
devices. In a dark room the multi-colored plates are exposed to the glow of 
a lamp which is two and one-half times as bright as the rays of the sun. 
And in another room a man is measuring the refraction of bundles of light 
which are ferced through the plexiglass plates. 


Should the researchers continue to be successful in pursuing the course 
which they have marked out, then their unseeming activity could become 
the model to usher in that golden age during which one will only smile 
about the conflict over atomic power aad will enjoy undisturbed the use 
of solar energy. Then, namely, those magic triangles could be mounted 
in their glass frames on almost every roof. An average one-family 
house with their help would provide about twice the amount of current 
which it consumes with the usual technical appliances. Over a period 
of months the house would not draw current from the electrical supply 
network, rather it would contribute to it. Only in the dark and cold 
winter months would the general current storage system have to supply 

a portion of the energy which had been hoarded there during sunnier times. 
A home owner could even make some money from this if he sold the excess 
current. For even on days with cloudy or overcast skies, which amount 
to 60 percent of the year, one's own source of energy would not run dry. 
If the devices on the roofs only process 10 percent of the sunlight, 
then only one-third of all the roofs in the Federal Republic would be 
required to generate annually the quanity of energy which is currently 
consumed, according to Professor Goetzberger's calculations. 














It is “0 surprise, given such appealing possibilities, that he could be 
apprehensive about preemptive expectations. In his view the use of solar 
energy has by far not achieved the technical perfection which would make 

the industrial production of soiar sites possible. To do this in the 

final analysis it is not merely a matter of transforming solar energy into 
current with a high degree of efficiency under experimental conditions. 

This physical problem was technically solved long ago with solar cells 

of silicon, as employed to supply current to artificial satellites. 

Although less expensive cells have been developed in the meantime, according 
to Professor Goetzberger, they are “still four times too expensive.” 

In the international competition of scientists and technicians it is, 
therefore, a matter of developing quickly the most affordable solar 

system for large-scale industrial production. The United States has already 
set a date for this. For 1986 it wants to produce solar sites, the 
electricity of which can compete pricewise with current from traditional 
sources. Energy production from the sun per watt still requires an 
investment of DM 40. More than DM 1 per watt should not have to be spent. 


From the beginning, therefore, the Freiburg study appeared to be interesting, 
because it clearly opened up the possibility of a very economic way of 
producing current. To do this the scientists from the Fraunhofer Institute, 
however, pursued an entirely different course from that of most of their 
American colleagues. The latter are occupied principally with developing 
the least expensive solar cells even if the degree of efficiency suffers 
from this. In such an extensive country as the United States this dis- 
advantage can be made up for by large-surface collectors. The process 
developed by the Freiburg scientists can do without such large sites, 

which do not correspond to European conditions. It gets along with smaller 
collector surfaces, since it attains an efficiency degree of 30 percent, 
whereas even the extremely expensive silicon cells transform only 24 percent 
of the radiated solar energy into current. Above all, however, the Freiburg 
development has an inestimable advantage: It collects light even with an 
overcast sky and concentrates it so strongly on the solar cells that they 
provide current even on bad weather days. 


Protected by Patent 


The technical-physical prerequisites were produced in Freiburg--as a spin- 
off product--by solving another problem: The indicator of a digital 

watch should light up without adding current. This was achieved with the 
aid of a small plexiglass disk which extends on both sides beyond the 
dial. These “ears” are light-sensitive and radiate it along grooves to 
the numbers, so that they light up with an intensity dependent upon the 
brightness of the environment. This method of focusing light is also 
recommended as a type of lens for solar cells. 


In the development of their process the Freiburg scientists also made 

use of the circumstance that certain colors maintain the light at certain 
frequency ranges. Goetzberger and his colleagues, therefore, work 

with triangles vhich are shaded yellow, orange and infrared. If these 























collectors are stacked on top of each other, then only very little light 
is lost. Thus, the high degree of efficiency, it was no accident, 
therefore, that this interesting process was protected in the United 
States by a patent. 


Further research of the Freiburg Fraunhofer Institute after basic 
development of the process is now moving in several directions. Improvement 
of the plexiglass discs is being further pursued. One of the principal 
tasks is to develop colors with even more favorable absorption values. 

This is being done in collaboration with the Chemical Institute of the 
University of Freiburg and the four large dye concerns. The Fraunhofer 
Institute is concerned with the respective irradiation and light 

refraction experiments. 


More then the assertion that “from the research point of view the new 
generation of solar sites” should be produced by the year 2000 cannot be 
obtained from Professor Goetzberger. When does he intend to have the 
first site mounted on his avn house? “At the present time I would, of 
course, not yet try it out,” he says. Nonetheless, he is prepared to make 
a confession about atomic power. "I have nothing against atamic power, 
but I prefer solar energy." 
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FEDERAL REPUBLIC OF GERMANY 


BONN'S SUPPORT OF BASIC RESEARCH CRITICIZED 
Duesseldorf HANDELSBLATT in German 26 Oct 79 p 5 
[Article: "The World of Research Is Still Heaithy Only in Bonn") 


[Text}) Cologne. “There is a discrepancy between the beautifully healthy 
world of the federal research report and actual practice." The committee 
chairman of the research division of the Federation of German Industries 
(FGI), Prof Dr Ernst Biekert, expressed the basic reservations of his 
federation on the research policies of the federal government. The 
reduction of basic research will have a long-term effect on industrial 
productivity and endanger the Federal Republic as a scientific nation. 
The FGI shares these concerns with the Max Planck Society and the German 
Research Association. 


Promotion of research must be established on a long-term basis. Besides 

the direct promotion of a few, cost-intensive major technologies, there should 
be indirect support of research. In the opinion of the FGI improvements 
should be made in the consicerably worsened ratio between the direct and 

the indirect promotion of research, which in 1970 was still 2 to l. 

Today it has reached a stage where it is almost 20 to 1. The research 

budget of the Bonn ministry amounts to DM 3.5 billion; of this 70 percent 
into the economy and 30 percent to federal institutions. 


The FGI has made recommendations to the research ministry on improved 
central employment of indirect research support. According to Dr Ekkardt 
John von Freyend, director of the division for research and educational 
policy in che FGI, personnel and investment increments of 25 percent should 
be guaranteed and extensive preferential regulations should be developed 
additionally for mid-range to smaller enterprises. According to the 
Donors Association, German industry paid annually DM 9.6 billion in 
personnel costs in the area of research and development. When the costs 

of fringe benefits are subtracted from this, DM 6 billion remains. That 
means Bonn increments of 1.5 billion. With investments at a level of 

DM 1.1 billion for research an amount of about DM 250 million remains, 

with preferences about DM 300. Thus for Bonn this means expenditures between 
DM 1.8 and 2 billion. 

















That would not be too ich for basic researc! canparec with tne /7 percent 


investment expenditure previously possible. The increment for fersonn 
costs, not only for small operations but also for large ones is abs 
necessary, because 5) percent to 60 percent of all research costs are 
personnel costs. “It cannot be our goal, to receive more an‘ more federal 


A , 


aid,” Dr John von Frevyend states. f[o be sure, more could be done by the 
federal government; primarily, industry would be content with the 25 percent 
increment for indirect research. 


For the long term, however, once again various tax measures could be con- 
sidered, such as increased write-off allowances and more favorable royalties 
In the “murderous competition on the world market,” according to Professor 
Biekert, the conditions tor the Federal Republic and its basic research 

are simply bad. Above all in the United States, Japan, France and Great 
Britain there is mucn more extensive tederal aid Thus in Great Britain 

all expenditures for research and development can immediately be campletely 
written-off; in France there is a special provision for write-offs in the 
tirst year. In the United States within 5 years Linear write-offs are 
possible either immediately or as disired by the taxpayer, in Japan one-third 
is written off in the first year ‘or the commercial employment of a new 
technology. Additionally, 70 percent of the income obtained fram :oyalties 
is tax deductible. There are aiso allowances in these areas for other 
conpetitors. 


The FGI, according to a position paper, which is supposed to be sent to 

Bonn, has in the past repeatediy pointed out the danger of a promotion 

of research which has the character of directing innovation and investment. 
It teels that its fears have not been lessened any by the commitment to a 
pluralistic organization of research contained in Federal Research Report VI. 
The tederal government must succeed in maintaining and extending the 

freedom of various approaches. 
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FEDERAL REPUBLIC OF GERMANY 


USE OF ‘ENERGY MODELS’ FOR DECISION-MAKING REVIEWED 
Graefelfing ENERGIE in German Nos 8-3, Aua/Sep 79 pp 285-286 


/Text/ Economic decisions involving eneray today are more explosive than 
ever. The switches for a reliable supply during the next cecade must be 
set right now. But data concerning energy consumptian and availability 
are aS uncertain as never before. What cecisions shoul be mace? Energy 
models provide some assistance; the complex structure of energy systems is 
represented and analyzed by computer programs. This makes it possible to 
react more quickly and flexibly to changed input data. 


In recent years, energy models have been used more and more aS decision 
aids for energy planning and energy policy. As Ministerial Director 

Dr. Popp, BMFT (Federal Ministry for Research ond Technoloay) emphasized, 
on the occasion of the Second Working Seminar on “Energy Mocc!s for the 
Federal Republic of Germany” in Juelich, recent years have shown a clear 
displacement from the developmen: of erergy models to their application. 
Among other things, the enercy program of the Federal Government was set 
up and continued on the basis of results of model studies. Experience 
has shown that the forecasts had to be corrected. The question arises: 
What are expensive energy models for, when the data concerning future 
consumption are so dubious? 


Energy models should not merely be forecasts 


Alfred Voss, member of the program group “System Research and Technologi- 
cal Development” (STE) of the Nu:lear Research Institute at Juelich GmbH, 
defines the purpose of energy models thus: “The objective of energy 
models is to furnish better foundations for decisions concerning energy 
and research policy as well as for planning in the energy business.” 


The point here is not so much to work out forecasts concerning the future 
development of energy demand or the coverage thereof, but rather to 
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The future development of energy demand in the Federal Republic of Germany 
ud to the year 1985, and its coverage - perspectives until the year 2000 - 
is the topic of a joint forecast which was presented by the Energy and 
Mining Division of the DIW (German Institute for Economic Research). Berlin, 
the Enerey Division of the RWI (expansion unknown), Essen, as well as the 
institute of Economics and Energy of Cologne University, in the fall of 
1977. This joint forecast formed the foundation for the second continuation 
of the energy program of the Federal Government. The forecast originated 
from an energy model that was built on a series of functional reiationships, 
on the sectoral plane, between social economic variables and energy con- 
sumption, and technical-economic relationships between final eneray, 
conversion, and primary erergy areas. 


According to Schmitt and Suding, Institute of Energy and Economics of 
Cologne University, here too, the main emphasis is not on the character 
of a forecast, but on furnishing differentiated sectors! forecasts based 
on growth data from the Federal Ministry of Econor . veray models based 
on input-output tables are being set up by the Univcrsities of Hamburg and 
Cologne. In this case, the energy mode! is divid ‘ato an offering side 
and a demand side. The offering side is subdivideu c.cording to various 
“energy sectors”. “In this way, we can separately consider the different 
demand pattern for different eneray products,” says G. Hasenkamp, of 
Hamburg University. On the demand side stands the total economy of the 
Federal Republic of Germany, which is subdivided into all the economic 
sectors. Data are entered into the input-output table, in order to 
estimate a demand function. 


It goes without saying that the Nuclear Research Institute at Juelich, in 
its programming group on System Research and Technological Development, 
has developed its “own eneray model". The Juelich energy model system 
(JES) was built on the fol owing perspectives: “By means of energy models, 
analyses are performed under various parameter assumptions (economic, 
technical, sociologicel, etc.), so that, by means of such studies, a 
bandwidth of alternative developments can be exhibited. (Kurt Schmitz, 
KfA (Nuclear Research Institute)/STE (expansion unknown). The Juelich 
energy model has a modular structure, So as to use the optimum method 
corresponding to the problem. “The degree of uncertainty in long-term 
economic energy planning can be reduced by using this model.” (Schmitz, 
KfA). 


The Frankfurt Battelle Institute bul! its energy mode’ on proven models 
of the area of macroeconomics, inout-output, and energy economics. The 
input-output models (EXPLOR modeis) of the Battelle Institute occupy the 
central position in the “EG (expansion unknown) energy model". According 
to H. Mischke, Battelle Insitute, Frankfurt, the EG energy model, because 
of its wide simulation range, is capable of answering a long list of 
questions: This means that it can answer questions such as: How will 
moratoriums, increases of oj] price, and shortaces affect the growth of 
the national economy, sectoral employment, and investment structure? 

















In the meantime, energy modeis have been refined to such an extent that 
they are used more and more for political decisions involving energy. ihe 
decision maker, however, muSt always have regard for the limits of model 
analyses. As M. Popp of the BMFT expresses it: “Computer calculations 
are exact, out this does not imply a corresponding reliability for the 
calculated results. Models can image reality only deficiently. Combined 
with the unavoidable inaccuracy of the input data, the computed results 
have limits." 


The user can evaluate the results only if he understands the model utilized 
and the input data. According to Dr. Engelmann, (KfA), the actual problem 
is not to develop models, but rather the difficulty is to pose the questions 
properly, to acquire the necessary input data, and to estimate boundary 
conditions meaningful ly. 
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FEDERAL REPUBLIC OF GERMANY 


ENDOSCOPES USED TO INSPECT POWER PLANT COMPONENTS 
Graefelfing ENERGIE in German Nos 8&9, Auc,/Sep 79 pp 308-309 


/Text/ Testing efforts in power plants are constantly increasing. Optical 
controls are necessary wherever defects might be hidden. The “field of 
view" is extended by endoscopes. No hairline crack can escape their 
control - from the reactor core to the turbine blade. 


The choice of endoscopes is wide. There are rigid and flexible ones, 
extendable ones, radiation-resistant and heat-resistant ones. One manu- 
facturer alone offers 2500 designs of rigid endoscopes with glass fibers. 


The problem is to use the right endoscope for the special test problem, 
since types of endoscopes differ widely in price. The flexible units head 
the list. They cost up to 50,000 DM. That amount of money should be spent 
only when it is absolutely necessary. Flexible units are indispensible 
where a “Straight path" is impossible or where technical reasons forbid 
drilling for a rigid probe. For example, if the final blade of a gas 
turbine is to be checked, only a flexible probe can penetrate the exhaust 
manifold and the various blades. The flexible units are not only more 
expensive than the rigid ones, they are also more prone to trouble and 
provide a poorer image quality. 


The choice of diameter and length is also important with endoscopes. 
Probes are offered with diameters from 2.5 mm to 24 mm, and with lengths 
from several centimeters to 15 meters. 


In principle, the largest possible diameter and the smallest length should 
be chosen, in order to attain optimum optics. Furthermore, the question 
arises whether an extendable endoscope can be used. These units are 
delivered beginning with 9 mm diameter and 500 mm length. Especially with 
constricted spatial relations, these types are often indispensible. They 
also have the advantage that the lenses are interchangeable and con- 
sequently various directions of view are possible. 


10 














The choice of illumination is also decisive, since image quality depends 
on it. When the object is at a great distance and wiicn the endoscope 
channels are long, a strong light source is absolutely essentiai. Halogen 
lamps are well suited for this. But these develop much heat, which may be 
dangerous under some circumstances. On the other hand, if glass fibers 
are the light conductors, one obtains “cold” light. I]lumination with 
glass fibers also has the advantage that the light emerges very near the 
lenses. With narrow, crooked cavities or very small object distances, 
this is sometimes the only way to adequate image quality. 


When endoscopes are properly used, their maintenance becomes cheaper. It 
muSt here be noted that endoscopes are specially designed for each test 
problem: Inten-ive consultation with the manufacturer is essential. 





Endoscope manufacturers are more concerned about power plants - special 
solutions are offered. 


The safety requirements in the reactor industry are very high. Classen and 
Company, Hamburg, show how a new heat exchanger of a power plant can be 
checked optically. For this new construction, pipes with diameters of only 
17 - 25 mm and lengths of 12 m were necess2ry. These could be inspected 
from only one side. The small diameter of merely 17 mm made it necessary 
to use an endoscope with about 14 mm. The existing optics, however, per- 
mitted only lengths up to about 5 or 6 m with this diameter. Beyond this, 
a satisfactory image could no longer be obtained. Consequently, new optics 
had to be calculated, in order to attain adequate light intensity and reso- 
lution with this great length. Such a unit is now complete and fulfills 
the test problem of observing 12 m long tubes with 17 mm inside ciameter. 


The endoscope consists of a basic unit with the ocular, the focusing 
mechanism (fine focusing device), and the rotatable electric connection 
as well as the lens. The useful length is 1 m with a 14 mm diameter. 
Corresponding to the testing depth, extensions with 1 m length each are 
screwed between the ocular and the lens, up to a maximum length of 12 m. 
The interchangeable lens heads are located before the iens. For a fast 
check with a wide view, head A is used. It has a Straight view and a 
survey view for the entire tube circumference. For very precise detailed 
checks, a head M with 45 degree slant view is used, with the small pipe 
diameter of 17 mm. The viewed and illuminated field will thus coincide. 
With larger diameters of 25 or 30 mm, a 90 degree side view head is chosen. 
The heads also contain the 50 W halogen lamp for illumination. 


Henke-Sass, Wolf GmbH (HSW), Tuttlingen, offer the type series TEW for 
use in the power plant area. These units are especially suitable for 
optically checking pipes, boilers, heat exchangers, castings, and engines. 
The endoscopes are rigid, extendable, and equipped with lamp i] ]umination. 
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They have screw-type extension tubes to achieve the desired length. 
Incandescent or halogen lamps av® optionally provided for the inter- 
changeable lens heads. The standard dimensions of this type series 
extend from 9 mm diameter and 500 mm length up to 24 mm diameter and 
15 m length. Special designs will be fabricated on request. 


For Streppel Glass Fiber Optics, Wermelskirchen, it is simpler to move the 
proper light to things, rather than things into the proper light. To 

prevent fatigue when checking the interior of industrial series components, 
Streppel recommends the utilization of remote vision monitors. These can 

be delivered, beginning with an endoscope diameter of 5.5 mm. For the 

power plant area, extendable probes are offered, beginning with 8 mm 
diameter and up to a length of 25 meters. Depending on requirements, special 
lens heads will also be delivered. 


Robust endoscopes with excellent optics and intense illumination are pro- 
mised by Electrotec Elektro-GmbH, Schorndorf. The rigid and flexible 
endoscopes can be delivered beginning with 3.5 mm diameter. A broad 
program of accessory devices, such as light sources, supplementary optics, 
connecting cables, photo and TV equipment is also offered. 


All Functions in the Camera Head 


Karlheinz Hinze Company, Hamburg, explains as follows: “In the power plant 
area, optical monitoring must use completely new technologies. Conven- 
tional endoscopes have their limits, for example, where pipe lengths of 
30 meters and more must be checked." For this reason, this enterprise 
offers a completely new power plant inspection system. All endoscopic 
functions are here comprised in one TV camera head. The complicated 
folding of extendable endoscopes is here obviated. While endoscopes 
themselves are limited to about 25 m, TV systems can easily check 100 m 
pipe lengths. Besides the short TV head, the entire system is flexible. 
According to the manufacturer, this Aviavisions-TV system can optically 
check all major systems - from a reactor to an offshore installation. 


Hot cells are no longer hot for the special units of M. Hensoldt & Sons, 
Optical Works AG, Wetzlar. By means of their pecs units, one can dare 
to look into every “radiation-contaminated room". The fuel extraction 
room of a ae temo reactor, for ex. mple, “can reach the radiation 
dosage of 10° to 1010 ry, All conventional endoscopes would fail here. 


But there is no problem with the special endoscopes of Hensoldt. To pre- 
vent radiation from penetratina to the outside, the frne space between 
the lens is filled with glass rods, among other measures. No reactor 
core, whether cooled by water, gas, or otherwise, need remain in the 
dark. 
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Flexible industrial endoscopes are expensive. For this reason, the 
sensitive glass fibers must be well protected. So explains Olympus 
Optical GmbH, Hamburg, which therefore protects its endoscopes fourfold. 
A flexible, rust-free steel spiral backbone is directly seated on the 
glass fibers and provides the necessary support. On top of this a fine, 
ruSt-free steel web sheath, which keeps the spiral ribbon in its proper 
form. Shocks are observed by the water-tight special plastic sheath, 
which is the third protective sheath. The smooth V2A braided sheath 
prevents from the endoscope from “getting stuck". It also protects the 
endoscope from sharp corners and edges. The field of view can be extended 
120 degrees upwards and downwards by means of Bowden cables. 


Volpi Conpany gives tips and directions for acquiring endoscopes: 


1. Despite all its advantages, a flexible endoscope is not a universal 
unit. 


2. If a problem can be solved with a rigid endoscope and appropriate 
image deflection, image quality will always be better than with a 
flexible unit. 


3. If a set of endoscopes is to be procured for a central location, care 
should be taken that a modular system is chosen which is capable of 
expansion. In many cases, the acquisition of a semi-flexible unit is 
here recommended for unforeseen eventualities. 


4. It takes practice to use an endoscope. A person must become accustomed 
to interpret properly a picture and in particular defect locations. 


5. Units should always be chosen so that they are as short as possible 
and so that the diameter is as large aS possible. With very thin, 
long units, the transmitted picture becomes poorer, and the mechanical 
sensitivity also rises. 


6. Approximate prices for complete endoscope equipment. including basic 
unit, image deflection, light conductor, light source: 


Rigid endoscopes (modular system) 


X 125 mm about DM 2,500.00 
X 500 mm about DM 3,100.00 
X 2000 mm about DM 5,900.00 
X 5000 mm about DM 8,000.00 
(Lamp illumination) 

















Semi-flexible endoscopes (Uniscopes) 


9 10 X 900 mm about DM 3,600.00 
9 10 X 1500 mm about DM 5,100.00 





Fiberscopes 


9 8.0 X 1000 mm about DM 12, 
9 9.7 X 1600 mm about DM 15,000.00 
2 12.7 X 3430 mm about DM 20, 


7. Before purchase, it must absolutely be clarified whether the seller 
can perform repair in-house. The more sophisticated the endoscope, 
the more prone it is to trouble. 


8. If a TV system is acquired for an endoscope, the monitor should be as 
small as possible. The smaller the monitor, the better (contrasty) 
is the image. 


9. In individual cases, which do not justify the acquisition of a unit, 
Volpi now offers the possibility of providing a trained endoscopist 
together with appropriate units and photographic material for your 
investigation. 


8348 
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FRANCE 


COMPUTER~ASSISTED PRODUCTION OF MACHINING PATTERNS 





Paris INDUSTRIES ET TECHNIQUES in French 20 Mar 79 pp 53-56 
[Article by Philippe Ducourty] 


[Text] After integrated preparatory simulation for 
machining (IPS) in milling-drilling, turning and 
nibbling-punching, CETIM has now introduced oxyacetylene 
cutting IPS. This process permits the very rapid pro- 
duction of a pattern directly usabie by the optical 
follower of the oxyacetylene cutting machine, and also 
opens interesting prospects for integrated pattern 
control. 


This new process requires equipment identical to that of other IPS processes, 
i.e. a computer (Wang) with keyboard and screen, and a printer. The 
difference lies in the program and the automatic drawing machine. From. 

an elementary production drawing oxyacetylene cutting IPS permits the pro- 
duction of a pattern which is ready for mounting in the machine. The only 
preliminary step is the passage from the gereral drawing to the scaled 
production drawing provided by the tracer. 


From Dialog... 


How does the system operate? From the production drawing of the part the 
tracer selects its reference points on the drawing and initiates with the 
computer a simple dialog in the form of questions and answers: scale indi- 
cations and "yes" or "no" answers. The questions are asked in clear language: 
the language of the tracer. For example: Number of scale points? Co- 
ordinates of point 1? (This indication may be supplied in the form of an 
operation: addition or subtraction made by the computer). Is there a 
circle between point 1 and point 2? Angle of the strzight line at scale 
point 3? In case of erroneous scale or insufficient information the 
computer will continue by backing up to a sure point. At the end of the 
description, using an optionally added graphical console, the tracer can 
display the drawing of the part or the elementary path during the dialog. 
Then the tracer path can te modified if some element does not appear 
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satistactory at the selected points without repeating the entire operation. 
Its dialog will be fixed in the printer which may also indicate the length 
of the torch cut shapes and the times. Indications applicable to 
subsequent processing operations (beveling, drilling, folding, etc.) are 
included in the subsequent tracer-computer dialog. 


---to Production 


After the data have been recorded the drawing machine can restore the 
principal shape to the scale 1 simultaneously with assembly guide marks, 
complete beveling definition, detailed information markings (order number, 
plan number, part reference, number of parts, metal sheet thickness, tracer 
name etc.). Also indicated will be drilling symbols, shaping guide marks 
and, wpon request, a 1/10 scale outline drawing, to facilitate the prepar- 
ator's work in matching the parts on the metal sheet. The latter phase is 
still a manual phase, but automatic in numerically controlled (NC) 
oxyacetylene cutting machines operating with punched tape. Then the traced 
pattern must be placed in the oxyacetylene cutting machine. Punch blows or 
paint jets controlled by optical follower readings will be used to determine 
guide marks for subsequent processing operations (beveling, chamfering or 
tracing of beveling marks, indication of folding lines or part assembly 
guide marks, e.g. location cf reinforcements). 


Indicatations appearing on the pattern shape, e.g. bevel with angle or 
distance, can be easily tra:eferred to the cut part. Therefore, beside 
cutting, the pattern has tie second function of indicating the sequence of 
the operations. It constitutes in some manner a follower card accompanying 
the part from the beginning of its production to its final introduction into 
a mechanically welded unit. Without recourse to the reference written on 
the part the pattern itself can be used for this purpose. 


Anticipated Developments 


There are many possibilities for the development of oxyacetylene cutting 
iPS. Only the minimum configuration of the process has been described 
here. With improved information means it may be possibly developed toward 
a better use of experience. For example rapid memory storage of patterns 
retrievable on demand to eliminate the traditional problems of pattern 
storing with the usual risks of deterioration. Considerable time could 
also be gained in the pattern conception phase by recording families of 
shapes and retrieving them on demand. Other possibilities also exist and 
must be sought to obtain integrated pattern control. During its 4-month 
use by Delattre-Levivier in his Valenciennes plant the oxyacetylene cutting 
IPS process has not created special tracer adaptation problems. Prior 

to the introduction of this process about 25 percent of the tracer time was 
spent in tracing torch cutting patterns, i.e. the equivalent of that of 
five full-time employees for the 20 tracers then in use. To exclude 
monotony the tracers are now run in succession through the machine and use 
its possibility for other purposes (diagram drawing, scale determination, 
etc.). Consequently, the utilitzation of the process could be optimized. 
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Although the machine has been set up too recently to permit a very signifi- 
cant assessment, in the opinion of Mr Dewas, who is responsible for the 
Valenciennes plant output, the machine has already produced highly positive 
results: simplicity of application of the system; quality of the resuiting 
work; clean patterns; and optical reading without problem (small radius 
tracing effected automatically by IPS). The control is improved since it 
has been possible to code the length of metal cut by the torch. The 

time gain is a little more difficult to measure. However, the production of 
a part of average complexity required genera)!y 1.30 hour. This time is 
reduced to half an hour by IPS. The pattern tracing operation time is 

two to three times less (15-20 minutes on the average). There is one 
concern: Since the fitting system does not comprise a pattern storage 
memory the problem of the deterioration of stored patterns has not been 
resolved. According to Mr Dewas, who anticipates much from this improve- 
ment, “too much time is spent remaking them.” This should be easily 
remedied by the introduction of a suitable information medium. Also, an 
adaptive program still to be develope!, should make it possible to apply 
the process to NC oxyacetylene cutting machines. Since this is admitted 

by the computer, up to 8 tracers could be operated in the system by using 
them for different programs (milling, turning, oxyacetylene cutting). 

This would involve a cost problem rather than a technical problem. There- 
fore, IPS appears to be a promising process. It may come up again soon in 
connection with a different art, that of boilermaking... 





9456 
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FRANCE 


TECHNIQUES FOR ON-SITE COAL GASIFICATION EXPLORED 
Paris LE POINT in French 29 Oct 79 pp 116-117 
[Article by Jean-Pierre Adine and Michel Richard/ 


[Text] Because alarming news continues to arrive from the Middle East, we 
are hastening to track down calories. Even in Bruay-en-Artois in a closed- 
down mine shaft at more than 1,000 meters underground! 


Bruay-en-Artois is getting ready to become famous again. Not that a new ju- 
diciary affair is about to be in the news. But because a rather extraordi- 
nary experiment is being attempted there. At this very moment, at a depth of 
1,000 meters in the bowels of shaft nunber 6, the very shaft which was dfi- 
nitely shut down last month, drilling is going on. 


Before long, water at very high pressure will be injected into one of the two 
drilled holes. The purpose? To break up a vein of coal at about 100 meters 
farther down. Soon it will be set on firel 


You locate a vein. You drill. You disintegrate. You inject oxygen through 
the drilled hole. You light a fire. The coal is supposed to burn on the 
spot. You recover the gas resulting from the combustion by means of another 
drilled hole. There you have it: this is what is called on-site coal gasi- 
fication. 


This is a technique which has appealed to many countries for a long time. A 
technique, in any case, which could enable France to recover hundreds of bil- 
lions of cubic meters of gas (as much, if not more, than the Jacq deposit) 
from coal lying dormant in deep, unexploited and unexploitabdle veins. 


The new alchemists, who are bent over their astonishing crucible in Bruay, 
belong to the group researching underground gasification: an informal asso- 
ciation for the moment, made up of personnel from Charbonnages de France, Gaz 
de France and French Petroleum Institute and recently joined by personnel 
from the BRGM (Bureav of Jeological and Mining Exploration). 


Why did they choose uch a depth to try to light this nice coal fire? There 
are several reasons: 
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First, French deposits are buried very deep in the substratum. The coal in- 
prisoned there is practically unrecoverable. Except, of course, at immeas- 
urable human and economic cost. Thus, there is no question of profiting by 
other converting procedures such as liquefaction, since it would first be 
necessary to track it down and then bring it to the surface. 


For France it appears that only gasification at great depth will provide an 


answer to the “pranks” of zeology; and this process alone should make it 
possible to recover calories which would otherwise have been irreparably lost. 


However, “great depths”--1,000 meters and more--prevent surface water and 
possible water-bearing beds from reaching the combustion zone, an inconven- 
lence which the Soviets have already encountered during certain trials rade 
at a shallow depth. 


Finally, going underground is obviously the best way to avoid all risk of 
pollution (fissuring, uncontrolled gas leakage and the like). 


Very well. The Bruay operation appears very attractive: the procedure is 
apparently so simple! “One would take it to be something out of Jules \erne,” 
Francois Pot, director of Charbonnage de France's technical services. ‘But 
do not be mistaken: the reality is quite different. It is full of unk owns 
and difficulties.” 





In fact, we must do a lot of probing and drilling to gasify a deposit. If 
only to assure the essential connection between the oxygen and the discharge 
of the gas in the level of the vein. At 2 million francs per drilling, we 
can see what it could cost. 


This is true all the more as a couple of drillings will not last more than a 
few weeks: more or less the time to produce 1.5 million cubic meters of gas. 
Drill, burn, move on; drill, burn, move on; and so on; our alchemists are 
likely to become nomads pretty quickly; and our old coal deposits, already 
honeycombed with galleries, veritable termites’ nests! 


There is another thing: on-site gasification implies that somewhere upstream 
oxygen and water under very strong pressure must be furnished; and that, 
downstream, the gas must be treated and enriched. “All of a sudden, nothing 
is obvious any ionger. No one can foresee if and when the cost of this gas 
will be able to reach the threshold of competitiveness,” Pierre Gaussens, di- 
rector of engineerinre at Gaz de France and “boss” of the underground gasifi- 
cation group, explains. 


It goes without saying: the sponsors of the project are showing great pru- 
dence. Are they not estimating 10, even 20 years, as the time required to 
develop their procedure, provided, of course, tat this procedure turns out 
to be of interest? 
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No matter; if the bet were won, we could recover in France alone the enercy 
lyine dormant in 1.75 dillion tons of coal: 25C million in tne Nord-Pas-de- 
Calais area; 630 million in Lorraine; 600 million in the extension of the 
Lorraine basin toward Paris; 170 million in the Juras; 50 million in the 
Cevennes and Lyon area; and iastly, 40 million in the Provence basin. 


A nice quantity of calories. Less, to be sure, than what nuclear energy 
could supply; but more than all the accumulated commitments of new energies. 


That is why the European communities have expressed the desire to contribute 
financially in the Bruay-en-Artois experiment--unique in the world because of 


its depth. And that is why we are now waiting so impatiently to know how the 
coal will come out...in smoke. 


8568 
cso: 73102 
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ITALY 


EXPERIMENTAL CARBURETOR DESIGN EVALUATED 

Turin ATA in Italian No 6, Jun 79 pp 261-265 

[Article by F. Casalini, D. Laforgia and M, Napolitano, of the Machinery 
Institute, University of Zari: “Performance Characteristics of a Hybrid 
Variable-Mixture Carburetor”) 


[text] 1. Introduction 





Carburetion has always been one of the difficult problems with "Otto-cycle" 
[internal combustion engines] motors. The efforts of researchers and 
designers aimed at improving it--that is, at obtaining an air-fuel mix 
whose ratio remains constant regardless of variations in the motor's 
operating conditions and uniform throughout the mixture--have led to more 
and more complication of the carburetor itself. The present level of 
improvement in the carburetor has been attained at a detriment to its 
simplicity. The result of this has been an anomalous coupling of a simple 
and reliable machine, which is the motor itself, with a delicate and 
sensitive organic component oy, continual maintenance and adjustment, 
which is the present carburetor.!, 


This pap?r proposes to analyze a carburetor that combines inherent 
characteristics of simplicity, reliability and good performance with an 
associated means permitting the air-fuel ratio (a) to be easily varied, 


The carburetor in question was designed, built and patented by Mr Rodolfo 
Triggiani. It consists of an SU constant-vacuum carburetor, modified by 
eliminating its constant-level float chamber and introducing a pressure 
regulator into the circuit om the delivery side of the fuel pump. The 
resultant device is a hybrid, halfway between a traditional carburetor and 
an indirect injection system, that combines with the simplicity of the SU 
carburetor, which is inherently free of the need for frequent adjustments 
and tuneups, 4 means permitting variation of the mixture ratio by varying 
the fuel pump's delivery head. 
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The aim of this analysis is twofold. First, it seeks to evaluate the 
subject carburetor by comparing it with a mass-produced one, to verify 
whether in fact, to the inherent simplicity of the latter, it adds perforna- 
ance characteristics superior to or at least equivalent to these of a modern 
industriaily prodv-sd carburetor. Secondly, it seeks to evaluate the 
feasibility of utilizing its capability for -asily varying the ratio of 
delivered mixture as a means of minimizing the specific consumption of 

any mor at its various operating speeds. In this regard, it is pointed 
out that, if the cerburetor's OY could be equated to that obtained for 
minimums specific consumption under various operating conditions with a 
programed electronic system similar to that which controls modern injection 
systems, fuel consumption reductions could be obtained, with undoubted and 
substantial economic advantages. 


2. Characteristics of the Experimental Carburetor 


In a traditional carburetor, the presence of a constricted section of 
constant area requires a compromise in the choice of this section; too 
small an area produces excessive losses of charge and a consequent limita- 
tion on the motor's performance at high rotating speeds; too large an area 
produces nonhomogeneity of the mixture and motor-hesitancy pheno=cna at 
low rotating speeds with consequent loss of elasticity in the operation 
of the motor. The SU carburetor is based on the principle of automatic 
variation of the constricted section, which increases its opening as the 
demand for power increases, and decreases it as the latter decrezses. 
This variation in section area produces a constant velocity of air and a 
constant vacuum at the jet, at the various motor operating speeds. 


Figure 1 shows the theoretical operating scheme of the modified SU 
carburetor.) Section variability is obtained through the vertical movement 
of the piston (1) situated over the fuel nozzle. Duct (3) transmits to the 
environment above disk (2), which is attached to the piston, the vacuum 
that exists in the carburetor duct space at the far side of the { lutter 
valve (4). The environment adjacent to the underside of the disk is main- 
tained at virtually atmospheric pressure by means of aperture (5) which 
links it with the environment upstream of the throttle. 


As the area of the constricted section varies, the conical needle (6) 
attached to the piston varies the section of the jet and hence che fuel 
delivery, which results proportional to the section opening, while the 
vacuum remains virtually constant. 


The innovative feature of the carburetor under examination here with 

respect to the classic SU carburetor? is the absence of the constant-level 
float chamber and the presence of an adjustable constriction (7) placed 
between the filter (8) and the jet. By means of this adjustable constric- 
tion, the carburetor can be calibrated to provide various air-fuel ratios O<. 
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3. Test Methods and Instrumentation 


The performance study of a carburetor can be conducted in accordance with 

two distinct and complementary approaches. The first consists of a direct 
analysis of its more significant fluid dynamics characteristics: charge 
losses, homogeneity of the mixture it produces, response times to transients, 
etc. The second consists of an indirect evaluation made through the measured 
performance characteristics of a motor equipped with the carburetor being 
evaluated, 


In the present analysis, the second mei.od was used. Specifically, the 
performance characteristics of a Fiat 131 A 1000 (1600 cm3) motor no. 001446 
equipped with the carburetor under study were compared with the same motor's 
performance characteristics «quipped with its original carburetor. The 
testing was done on a test-bed of the Machinery Institute of the University 
of Bari equipped with a Schenk No. 7845 MRD eddy-current brake, 





Fuel consumptions were. plotted using a Galber MK 85-type volumetric trans- 
ducer comnected to an electronic data processor which also furnishes the 
instantaneous rpm of the motor. To determine the value of the mixture 
ratio 3< it was necessary also to determine the average quantity of air 
taken in. 


The latter was measured indirectly, recording the vacuum generated by the 
motor's air intake in a plenum chamber (of volume equal tc 0.414 m4) equipped 
with a diaphragm 51.8 mm in diameter, by means of a Salmoiraghi liquid-level 
(alcohol in this case) micromanometer., The methodology used in this test 

was that proposed in bibliographic reference 4. 


4. Description of Tests and Results 


First, the performance characteristics were tested for the motor used in 
these tests, equipped with its own carburetor. The results practically 
duplicated the diagrams furnished by the manufacturer, which are reproduced 
in Figures 2 and 3. The performance characteristics of the same motor were 
then tested, equipped with the new carburetor. Being able to vary the fuel 
feed pressure over a fairly extensive range, and having found that in going 
from the motor's own dual carburetor to the single-barrel experimental one 
a reduction was obtained in the maximum-power rpm from 5,500 to 5,000 rpm, 
it was decided to evaluate the maximum-power and minimum-consumption 
conditions at the latter speed. Figure 4-a shows the performance charac- 
teristics of the motor with the relative fuel feed pressure acjusted to 

0.4 N/cm2, which is the condition for minimum consumption (at 5,000 rpm). 
Figure 4-b shows those relative to a pressure of 0.:° N/cm*, corresponding 
to the condition of maximum power (still at 5,900 rpm). 


Here, it is of interest to point out how very simple an operation it is to 
go from one adjustment to another on the experimental carburetor, whereas 
for the traditional carburetor this would require delicate operations 








involving a replacement of jets. Moreover, the principal interest and very 
reason for this study being the minimization of consumption, a family of 
specific-consumption curves was developed for a fuel feed pressure of 

0.4 N/cm* (Figure 5). 


A comparison of Figures 2 and 4-a shows that the consumption curve obtained 
with the new carburetor is more favorable than that obtained with the 
original carburetor. It is below 300 g/kWh throughout the range of practical 
use of the motor (2400 - 5400 rpm) and decidedly less than 270 g/kWh in the 
2800 - 4700 rpm range. The improvement in consumption, furthermore, is not 
obtained at the expense of other performance characteristics, which remain 
virtually unchanged, except for peak power. 


Tests were carried out to evaluate the motor response times with respect 
to rapid variations in charge and fast openings of the flutter valve. At 
equal loads on the torque dynamometer, and at rapid as well as gradual 
openings of the flutter valve, the motor response times, with both the 
traditional carburetor and the experimental one, were equivalent. 


Another basic consideration in the evaluation of a carburetor is the 
stability in time of its calibration. Traditional carburetors are known 
for the major problems they pose in this respect. 


The extremely simple construction of the carburetor under examination 
should result in a very high degree of operational stability, and the 
need for recalibration and tuning up should be virtually nil. For a 
better quantification of this aspect of the problem, the tests relative 
to the operating characteristics of the motor were rerun after 100 hours 
of operation, with both carburetors, Whereas with the new carburetor the 
same performance characteristics were obtained, within the limits of 
accuracy of the measuring system, a notable deterioration in the motor's 
performance characteristics were observed with the original carburetor, 
as can be seen in Figure 6, 


With respect to the second aim of this study, namely, to verify the possi- 
bilities of reducing consumption by utilizing the new possibilities offered 
by the experimental carburetor for varying at will the mixture ratio ««¢, 

a series of tests was run at various rpm's, obtaining values of mean 
effective power and specific consumption for variations of o¢€. The results 
are presented in Figures 7 through 12, 


From a study of the above diagrams it might appear that to develop maxireum 
power the carburetor must guarantee a virtually constant mix-ratio e< as 
the rpm's vary. This is not true, however, where the carburetion is opti- 
mized to reduce specific consumption. Im fact, the diagrams clearly 
indicate that the value of & for minimum specific consumption rises 
continually as rpm's decrease, The most plausible hypothesis for inter- 
preting this result appears to be the following: At low rpm's the degree 
of turbulence inside the cylinder is not sufficient to perfectly homogenize 
the mixture, so that, for stoichiometric or rich mixtures, pockets of rich 
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mixture are formed which do not burn completely, thus raising the specific 
consumption. At high rpm's, on the other hand, it is conceivable that 
because of high piston velocity combustion may not be complete around top 
dead center, decreasing the power for that cycle. Thus, a slightly rich 
mixture producing a more lively combustion compensates for the losses owing 
to excess fuel and improves the efficiency of the motor. 


For completeness, the above tests were repeated for various flutter valve 
openings; the results, reported in bibliographic reference 12, are onitted 
here for the sake of brevity, inasmuch as they indicate a dependence of o¢€ 
for minimum consumption upon the rpm of the motor that is analogous to that 
encountered at full intake. 


The results presented in Figures 7 through 12 have, moreover, been abstracted 
as follows: In Figure 13, values of o& for minimum consumption and maximum 
power as functions of rpm are shown for the experimental carburetor. 


In Figure 14, specific consumptions at minimum consumption and maximum power 
for the variable- carburetor are compared with those obtained for the 
original carburetor, at optimized adjustment as well as after 100 hours of 
operation. Lastly, in Figure 15, the recovery coefficients of the two 
carburetors are compared at various rpm's. 


Figures 14 and 15 clearly show the superiority of the experimental carburetor 
as regards minimization of consumption. The savings obtairable with respect 
to the curve for optimized adjustment of the original carburetor range from 
a minimum of 14 g/kWh to a maximum of 34 g/kWh, for an average savings of 

8 percent; when compared with the 100-hour curve, which is more representa- 
tive of the operation of a motor installed in a circulating vehicle, the 
average savings is 11 percent with peaks of 13 to 14 percent below 3500 
rpm. On the other hand, for the same delivered power the specific consump- 
tions obtained with the experimental carburetor are higher than those with 
the original carburetor, even after 100 hours of operation. This is 
undoubtedly owing to the fact that the experimental carburetor is rather 
primitive and requires considerable structural improvements. Specifically, 
the position and direction of the jet, the profile of the conical needle 
and the angle of bevel of the piston (index 2 in Figure 1) undoubtedly 
require further study and improvement. In additiou, considering that it 

is a single-barrel carburetor with a rather larg«-cross-sectional area 

(it supplies larger values of Xv than the original dual carburetor), it 
very probably produces a poorly homogenized mixture resulting in exces~- 
sively low values of C¢ at maximum power (see Figure 13). It is obvious, 
therefore, that further study and structural improvements can only improve 
the performance characteristics of the experimental carburetor, making it 
even more competitive. 
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Fig. 2 - Curve coratiersnche del rectcre con il corburatore 
onginale. . 
Fig 2. Characteristic curves of motor with original 


carburetor 
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Fig 3 - Peano quotcto de: consum: de! motore con dl corburotore 
or grr ole 


Fig 3. Family of consumption curves for 
motor with original carburetor 
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Fig 40,6 Curve coratieristche ottenute con il corburatore sper: 
mentale per due divers: valor di toratura del regoloture 





Fig 4a, b. Characteristic curves obtained 
with experimental carburetor 
for two different adjustments 
of the regulator 
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Fig. 5 - Pano quototo de: consurm™ per toratura o pressione di 04 


N/crn? 


Fig 5. 


Mean Effective power 

Newtons per square centimeter 
Power (kilowatts) 

Specific consumption (grams 
per kilowatt-hour) 
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Family of consumption curves for 
pres :ure adjusted to 0.4 Newtons/ cm? 
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Fig 6 - Curve coratterstiche ofenute con  carburotore ongeuaie 
dopo |00h di funzronemento 


Fig 6. Characteristic curves obtained 
with original carburetor after 
100 hours of operation 


Kilowatts 6 
Horsepower 7 
Revolutions per minute 8. 
Power 9 
Consumption 10 
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Ki logram-meters 

Newtons per meter 
Specific consumption 
Grams per horsepower-hour 
Grams per kilowatt~hour 
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Ferg 7 - pre @ Cs on funzrone d: « per apertura della torfolle ugvele 
o 4/4 ed mn S500 g/m 


Fiz 7. Mean effective power and specific 
consumption as functions of O<¢ 
for a flutter valve opening of 
4/4 and n = 5,500 rpm 


Key: 
1. n= 5,590 rpm 
2. Flutter valve gpening 4/4 
3. Newtons per cm 
4, Grams per horsepower-hour 
5. Grams per kilowatt-hour 
6. Specific consumption 
7. Mean effective power 
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Fig 8. Mean effective power and specific 
consumption as functions of @¢ 
for a flutter valve opening of 
4/4 and n = 5,000 rpm 


Key: 

- n = 5,000 rpm 

. Flutter valve opening 4/4 
- Newtons per 

Grams per horsepower-hour 
. Grams per kilowatt-hour 

- Specific consumption 

. Mean effective power 
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Fig 9. Mean effective power and specific 
consumption as functions of o¢ 
for a flutter valve opening of 
4/4 and n = 4,500 rpm 





Key: 
1. n = 4,500 rpm 
2. Flutter valve opening 4/4 
3. Newtons per 
4, Grams per horsepower-hour 
5. Grams per kilowatt-hour 
6. Specific consumption 
7. Mean effective power 
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Fig 10. Mean effective power and specific 
consumption as functions of 
for a flutter valve opening of 
4/4 and n = 4,000 rpm 


Key: 

n = 4,000 rpm 

Flutter valve opening 4/4 
Newtons per cm? 

Grams per horsepower-hour 
Grams per kilowatt~-hfour 
Specific corsumprion 
Mean effective power 
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Key: 


1. 
2. 
3. 
4. 
5. 
6. 
7. 
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le o 4/4 ed © = ITD gei/ mn 


Fig 11. Mean effective power and specific 
consumption as functions of «< 
for a flutter valve opening of 
4/4 and n = 3,500 rpm 


n = 3,500 rpm 

Flutter valve opening 4/4 
Newtons per 

Grams per horsepower-hour 
Grams per kilowatt-hour 


Specific consumption 
Mean effective power 
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Fig 12. Mean effective power and specific 
consumption as functions of 
for a flutter valve opening of 
4/4 and n = 3,000 rpm 





Key: 

n = 3,000 rpm 

Flutter valve opening 4/4 
Newtons per cm 

Grams per horsepower-hour 
Grams per kilowatt-hour 
Specific consumption 

Mean effective power 
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(3) n siri/mir 
Fig 13 Andomento d: a o! voriore di 1 on Condizron di maswma 
potenzo e di Minimo consum » 


Fig 13. oe curves for variations of n 
under maximum power and minimum 
consumption conditions 


l. a = curve at maximum power 
2. b = curve at minimum specific 
consumption 


3. mn (rpm) 
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Fig LGcontronto dei comsum: specifics on condirion: di mowirnmo 


potenzo © mitemo consumo per :! caorburotore *permmentole cor 
queth ofteenclh e dopo 1G0h di funzionomento ger d caorburotore 
Origrnarro 


Fig 14. Comparison of specific consumptions 
under maximum power and minimum consumption 
conditions for the experimental carburetor 
with optimum ones and after 100 hours of 
operation for the original carburetor las 
published] 


theoretical curve at maximum power 


b = theoretical curve at minimum specific 
consumption 

c = experimental Fiat curve las published - 
see text] 

d = experimental curve at 100 hours of 
operation 


Specific consumpticn [curves] 
Grams per kilowatt- hour 
Grams per horsepow r-hour 


n (rpm) 
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Fog 15. Aw on tunrrone din per «| corbyrotore sperunental: © fo 
que'lo onginale 


Fig 15. Av as a function of n for the 
experimental carburetor and the 
original one 


1. Curve A = modified carburetor 
Curbe B = original carburetor 


2. Av 
3. n (rpm) 
9238 
CSO: 3102 


END 
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